The ascending reticular activating system (ARAS) is responsible for regulation of consciousness. In this study, using diffusion tensor imaging (DTI), we attempted to reconstruct the thalamocortical projections between the intralaminar thalamic nuclei and the frontoparietal cortex in normal subjects. Methods: DTI data were acquired in 24 healthy subjects and eight kinds of thalamocortical projections were reconstructed: the seed region of interest (ROI) -the intralaminar thalamic nuclei and the eight target ROIs -the medial prefrontal cortex, dorsolateral prefrontal cortex, ventrolateral prefrontal cortex, orbitofrontal cortex, premotor cortex, primary motor cortex, primary somatosensory cortex, and posterior parietal cortex. Results: The eight thalamocortical projections were reconstructed in each hemisphere and the pathways were visualized: projections to the prefrontal cortex ascended through the anterior limb and genu of the internal capsule and anterior corona radiata. Projections to the premotor cortex passed through the genu and posterior limb of the internal capsule and middle corona radiata; in contrast, projections to the primary motor cortex, primary somatosensory cortex, and posterior parietal cortex ascended through the posterior limb of the internal capsule. No significant difference in fractional anisotropy, mean diffusivity, and fiber volume of all reconstructed thalamocortical projections was observed between the right and left hemispheres (p> 0.05).
INTRODUCTION
The ascending reticular activating system (ARAS) is responsible for the regulation of consciousness, which consists of arousal and awareness. [1] [2] [3] [4] The ARAS originates mainly from the reticular formation of the brainstem and exerts its influence on the cerebral cortex via two main routes: 1) dorsal pathway; via nonspecific thalamic nuclei, and 2) ventral pathway; via cholinergic nuclei in the basal forebrain. [1] [2] [3] 5 The nonspecific thalamic nuclei, including the intralaminar nuclei, midline nuclei, and reticular nuclei constitute the thalamocortical projections as the classical ARAS. 3 Many patients with various brain pathologies such as hypoxic ischemic brain injury, traumatic brain injury, and stroke, have been reported to suffer from impaired consciousness, which can be a significant burden to the patient's family and society. 2, 6, 7 Although accurate diagnosis of the presence and severity of injury of the ARAS in patients with impaired consciousness is necessary, accurate identification and estimation of the ARAS in the human brain was problematic prior to the development of diffusion tensor imaging (DTI). DTI enables the reconstruction and evaluation of some important portions of the ARAS. [8] [9] [10] Many studies have demonstrated In the current study, using DTI tractography, we attempted to reconstruct the thalamocortical projections between the intralaminar thalamic nuclei and the frontoparietal cortex in normal subjects.
METHODS

Subjects
Twenty four healthy subjects (13 males, 11 females, mean age: 34.65
±12.53 years, range: 20 to 50) with no history of neurologic disease were recruited for this study. All subjects participated in this study as volunteers and provided written consent before undergoing DTI scanning. The study was approved by the institutional review board of a university hospital.
Diffusion tensor image
Acquisition of DTI data was performed using a 6-channel head coil on a 1.5 T Philips gyroscan intera (Philips, Best, The Netherlands) and single-shot echo-planar imaging. ).
Probabilistic fiber tracking
Analysis of diffusion-weighted imaging data was performed using software from the Oxford centre for functional magnetic resonance imaging of the brain (FMRIB) software library (FSL v5.0, www.fmrib.ox.ac.uk/fsl). Affine multi-scale two-dimensional registration was used for correction of head motion and eddy current-induced image distortion. Fiber tracking was performed using a probabilistic tractography method based on a multifiber model using tractography routines implemented in FMRIB Diffusion (5,000 streamline samples, 0.5 mm step lengths, curvature thresholds = 0.2).
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In each subject, the seed region of interest (ROI) was placed on the intralaminar thalamic nuclei at the level of the inter-commissural plane between the anterior and posterior commissures. 10, 20, 21 The target ROIs were placed for each cortical area as follows, respec- 
RESULTS
The eight reconstructed thalamocortical projections between the intralaminar thalamic nuclei and the frontoparietal cortex are shown in Figure 1 . Although some individual variations were observed, the eight thalamocortical projections between the intralaminar thalamic nuclei and each frontoparietal cortex were reconstructed in all subjects, and the main course of the thalamocortical projections to the prefrontal cortex was as follows (Figure 2A 
DISCUSSION
In the current study, using DTI tractography, we reconstructed the thalamocortical projections between the intralaminar thalamic nuclei and the frontoparietal cortex in 24 normal subjects. ROIs were placed as follows: the seed ROI -the intralaminar thalamic nuclei at Since introduction of DTI, many studies have reported on the clinical usefulness of DTI by estimating some areas of the ARAS in patients with impaired consciousness. 8, 9, 12, 13, [15] [16] [17] [18] Most of these studies have measured DTI parameters using the ROI method at nonspecific areas of the brain without three-dimensional reconstruction of the ARAS. 12, 13, [15] [16] [17] [18] Regarding the thalamocortical projections between nonspecific thalamic nuclei and the cerebral cortex as a part of the ARAS, to the best of our knowledge, Eldow et al. 9 performed the first three-dimensional reconstruction in a normal subject and a patient with coma following traumatic brain injury. They placed ROIs in the intralaminar thalamic nuclei (central lateral nucleus, centromedian nucleus, parafascicular nucleus, and reticular nucleus) for analysis of thalamocortical connectivity and non-relevant fiber tracts were eliminated by subtracting all thalamic fiber tracts connected to the brainstem, according to their results, the connectivity was partially disrupted in the patient compared with the control subject. By contrast, we reconstructed the thalamocortical projections by placing ROIs in the intralaminar thalamic nuclei and eight cerebral cortical areas of the frontoparietal cortex in 24 normal subjects.
In conclusion, using DTI tractography, we reconstructed the thalamocortical projections between the intralaminar thalamic nuclei and the frontoparietal cortex in normal subjects. We believe that the reconstruction methodology used for these projections and the results of this study would be useful to clinicians involved in the care of patients with impaired consciousness and researchers in the studies of the ARAS. However, the limitations of this study should be considered. First, we did not perform an analysis of the thalamocortical projections to the occipito-temporal cortex, which is a component of the ARAS. 3, 4, 26 In addition, we did not include other tha- (mm
